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The presence of underground cavities as a result of past mining operations of soft rocks, to be used 34 as building material, nowadays induce high risk conditions for those regions characterised by a large 35 number of underground quarries and mines. In Apulia region (southern Italy), soft and very soft 36 127 132 
Figure 1. Geometrical parameters of the cavity (h = cavity height; L = cavity width; t = overburden
Figure 2. Curves of σc,min/σv against L/t for different values of the ratio L/h (mi = 3) (modified after
Perrotti et al. 2018).
Figure 3. Curves of σc,min/σv against L/t for different values of the ratio L/h (mi = 8) (modified after
Perrotti et al. 2018).
Figure 4. Curves of σc,min/σv against L/t for different values of the ratio L/h (mi = 16) (modified after
137
Perrotti et al. 2018).
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These stability charts can be used to calculate the safety margin with respect to failure (segment A 141 in Figure 2 , 3 and 4) as the ratio between the actual in situ value of the rock uniaxial compressive 142 strength (σc) and the threshold value for stability of the same parameter (σc,min) at the same L/t 143 value. Alternatively, the same plots allow to calculate the maximum value of the width-to-depth 144 ratio (L/t) allowed for stability (segment B), given the assigned value of the ratio between the in situ 145 uniaxial compressive strength (σc) and the vertical stress (σv).
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The following section describes some case studies of man-made underground cavities in soft 147 calcarenites, either subjected to failure or stable, and the corresponding application of the FEM- In the night between 2 and 3 May of 2010, a large sinkhole occurred in the rural area of "San In order to verify the stability conditions using the charts proposed by Perrotti and co-authors Hence, based on these evaluations, the non-dimensional ratios L/t and L/h can be estimated in the 209 following ranges: 1.66 < L/t < 2 and 2 < L/h < 2.4.
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The vertical stress at a depth of h=6m is estimated to be equal to: and, assuming σc = 1 MPa, a ratio σc/σv equal to about 9.6 is obtained. to the collapse of internal pillars and walls in Figure 9 ), an average height h of 2.7 m and an average 279 overburden thickness, t, of 10 m, the corresponding non-dimensional ratios L/t and L/h result to be 280 in the following ranges: 2.5 < L/t < 3 and 9.2 < L/h < 11.1. Nat 
L = 18m
Nat and, consequently, the ratio σc/σv is in the range 38.6 ÷ 51.3. Taking into account the stability charts corresponding to mi = 3 and, specifically, the threshold curve 367 for L/h > 3, the representative area of the investigated cavity is very close to the threshold curve 368 ( Figure 16) ; therefore, it comes out that the cavity was in a state of incipient failure, so that some 374 375 In the last century several underground quarries were excavated at the outskirts of the town of For each of the examined cavities, a detailed geometrical and geological survey has been performed. 401 The geological setup of the area is formed of shallow layers of clays, silts and/or sands that overlie 402 a stiffer layer of calcarenite, locally named "Mazzaro", which generally represent the roof of the 403 quarries. Therefore, in order to apply the stability charts the "Mazzaro" level has been considered. 
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. Hazards Earth Syst. Sci. Discuss., https://doi.org/10.5194/nhess-2019-55 Manuscript under review for journal Nat. Hazards Earth Syst. Sci.. Hazards Earth Syst. Sci. Discuss., https://doi.org/10.5194/nhess-2019-55 Manuscript under review for journal Nat. Hazards Earth Syst. Sci.
Figure 21. Plan and stratigraphy of the underground cavity C (adapted from Maglio and Ligori, 2014).
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In this case, the vertical stress at the depth of the cavity roof results to be: 
